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Abstract 
The objectives of this study are to examine the characteristics of representative 
neighborhoods in Beijing and explore the impacts of those characteristics on travel and 
household travel energy consumption. As low-carbon development has become the core theme 
of China’s urbanization, many cities have prioritized efforts to development carbon emissions 
reduction strategies. Beijing has been identified as one of the low-carbon pilot cities and 
mandated to integrate low-carbon urban spatial planning in their urban city-wide land use plan. 
This study, therefore, aims to take an empirical approach to examining the relationship between 
the neighborhoods characteristics and travel / travel energy consumption in the context of 
Beijing. Six representative neighborhood typologies were identified based on their physical form 
and design attributes. Fifteen neighborhoods were sampled. Neighborhood characteristics 
(density, diversity, design, and location), household attributes (household size, number of 
employment, household income, and personal attributes), and travel and travel energy 
consumption were examined and compared across typologies. Multivariate regression models 
were employed to estimate the effects of neighborhoods characteristics on mode choice and 
household travel energy consumption. Based on quantitative and qualitative analyses, the results 
show that travel energy consumption in more auto-oriented neighborhoods is much higher than 
small block, more diverse, and higher connected neighborhoods. Similarly, people in those auto-
oriented neighborhoods are more unlikely to use transit compared to drive.   
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Chapter 1 Introduction 
It is increasingly clear that global warming and climate change have led to a serious of 
negative effects on worldwide environmental and social systems and are likely to impose greater 
and sustained damage and risks on water supplies, food production and human health in the 
future. The most important human influences on climate are the emissions of greenhouse gases 
(GHG) and changes in land use, such as urbanization and agriculture (Kalnay & Cai, 2003). 
There is very strong evidence showing that human influence has been the dominant cause of the 
observed global warming since the mid-20
th
 century (IPCC, 2013). GHG emissions have 
increased significantly by over 6 times worldwide between 1950 and 2008 (U.S.EPA). A major 
portion of emissions produced by human activities come from combustion of carbon based fuels, 
such as coal, oil, and natural gas.  
The occurring rapid global urbanization trends will unavoidably lead to greater demand 
of energy and resources, coupled with a series of emerging environmental effects such as large-
scale land acquisition, ecosystem degradation, and increased vulnerability of biological system. 
Cities are places of high population density and large energy consumption throughout the world. 
All urban activities, such as transportation, industry activities, waste disposal, energy production, 
contribute to a great amount of GHG emissions. An increasing number of studies have focused 
on interactions between urbanization and climate change, and they widely acknowledge 
urbanization as a major contributor to GHG emissions. In 2008, 51 percent of the world’s 
populations reside in urban areas, and over 70 percent of global carbon dioxide emissions from 
energy consumption have come from urban areas (IEA, 2008). By 2050, it is predicted that 70% 
of the world’s population will be living in urban areas (WHO, 2010).   
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It is imperative to consider all possible strategies and actions to reduce the extent of 
climate change and avoid its potential consequences, and meanwhile, to make changes to 
response and accommodate those unavoidable impacts. To address growing urban GHG 
emissions it is necessary to understand cities’ emissions patterns and identify the major 
emissions sources as well as reduction opportunities. Major emissions sources by economic 
sectors worldwide are energy supply, transportation, commercial and residential, and industry 
(EPA, 2011; UK Department of Energy & Climate Change, 2013; UNFCCC, 2012). Transport 
and buildings are the two largest energy consumption sectors that together account for over 50% 
of world energy-related CO2 emissions (IEA, 2009; IEA, 2012). Much of current viable 
mitigation policy has been concentrated on reducing GHG emission through improving energy 
efficiency or substituting with alternatives. At the same time, more and more researchers have 
been growingly interested in the association between urban forms and GHG emissions, 
especially for the urban spatial planning’s and urban transport’s impacts on GHG emissions 
(Norman, MacLean, & Kennedy, 2006; Schubert, Wolbring, & Gill, 2013; Brown, Southworth, 
& Sarzynski, 2008; Glaeser & Kahn, 2010; Jiang, He, & Zegras, 2011; VandeWeghe & Kennedy, 
2007). The rationale of studying GHG emissions reduction through urban spatial organization 
and transportation is that urban form can link the energy consumed for residential and 
commercial buildings designs, densities, and land use arrangement with the energy required for 
human and freight travels (Brown, Southworth, & Sarzynski, 2008; Grazi & Bergh, 2008). More 
particularly, the most common responses have been focused on the relationship between land use 
and travel behaviors.  
Considerable progress has been made in quantifying the effects of built environment on 
travel behavior (Ewing & Cervero, 2010; Brownstone & Golob, The Impact of Residential 
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Density on Vehicle Usage and Energy Consumption, 2009; Boarnet, Houston, Ferguson, & 
Spears, 2011; Bento, Cropper, Mobarak, & Vinha, 2005; Handy, 2005; Salon, Boarnet, Handy, 
Spears, & Tal, 2012). A substantial number of studies have supported that compact development 
pattern with alternatives to car travel would help reduce automobile use and thereby play a role 
in GHG reduction, but some have argued that the impacts of built environment on travel 
behavior are weak, and the correlation results are mixed (Crane, 1998; Handy, 2005). Despite the 
contribution of earlier studies, empirical evidence on what aspects of urban form and built 
environment affect what types of travel behavior to what degree still remains limited. They are 
insufficient to support solid policy adoptions or to guide specific land use, land design and 
transport on community or master plans at the municipal level. Moreover, most of these studies 
are concentrated on North America, but what might seem commonly true in the U.S. may not be 
applied in other countries and areas, especially for developing countries.   
With the world’s largest population and a rapidly growing economy, China has quickly 
risen to the top ranks in energy demand globally over the past few years. So far, over 40% of the 
population in China lives in urban areas. They already contribute 84% of total commercial 
energy consumption and 75% of total energy consumption (in 2006) and are responsible for 85% 
of energy related CO2 emissions (Dhakal, 2009). In 2010, China has outpaced the United States 
and become the world’s largest energy consumer (EIA, 2014). In the long term China will face 
the increasing urbanization. It is estimated that by 2035, 70% of the population will live in urban 
areas (United Nations, 2011). Such growth will require more energy of all kinds.  
In order to alleviate growing pressures on the environment and resources, China has 
planned to manage its urbanization process in a more low-carbon way. Low-carbon development 
has become the core theme of China’s urbanization. It is one of the countries’ key strategies to 
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achieve the target of reducing carbon intensity by 40 to 45 percent by 2020, compared with 2005 
levels. In 2012, 36 cities have been identified as low-carbon pilot cities and mandated to fulfill 
several tasks including developing city-wide GHG emissions inventories and developing low-
carbon action plans.  
Many Chinese cities have prioritized efforts to develop GHG emissions mitigation 
strategies. Most of them are based on a top-down approach, depending on available statistical 
and sector data from institutions and government agencies. Strategies are mainly focused on 
transforming of economic development pattern, adjusting industrial structure, improving energy 
efficiency, and developing alternative energy; in transport sector, efforts are mainly concentrated 
on improving vehicle fuel efficiency, developing energy efficient technology and low-carbon 
fuels, and investing public transportation. More recently, scholars and planners have turned to 
land use policies and planning as a potential strategy for reducing GHG emissions.  
This study is a component of the project “Beijing’s low-carbon urban planning and 
design”, in collaboration by Beijing Municipal Institute of City Planning & Design and the 
Energy Foundation – Beijing Office. The objective of this study is to investigate the impacts of 
neighborhood characteristics on resident travel behavior and travel energy consumption in the 
city of Beijing, China. The research outcomes are intended to provide empirical evidences for the 
city’s upcoming low-carbon urban design guidelines and zoning modifications. More specially, 
the study attempts to address the following two questions:  
1) Examine the characteristics of representative neighborhood typologies in Beijing; 
2) Examine how the built environment impacts travel and travel energy consumption. 
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In an attempt to address the above questions, this study is organized into the following 
five chapters. In chapter 2, previous empirical studies and findings on investigating the built 
environment’s and urban spatial structure’s impacts on travel behavior and energy consumptions 
are reviewed and summarized. Chapter 3 describes the research background and the 
representative neighborhood typologies in the city of Beijing; it also addresses the details in 
terms of research design and data collection. In chapter 4, a set of detailed comparative analysis 
across six neighborhood typologies regarding neighborhood characteristics, household socio-
economic attributes, and travel energy consumption are presented. Chapter 5 preforms the 
quantitative analysis of the relationship between neighborhood characteristics and commute 
mode choice and household travel energy consumption. Chapter 6 summarizes policy and 
planning implications of the study and discusses the research limitations.  
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Chapter 2 Literature Review 
This chapter provides a review of the literature relevant to the built environment’s effects 
on travel behavior and energy uses. It is divided into two major sections. The first section 
summarizes the existing studies examining the link between built environments and travel 
behavior, and the second section focuses on the correlations between the urban form and energy 
consumption.   
2.1 Built Environment and Travel Behavior  
Considerable progress has been made in showing the significance of correlation between 
built environment and travel behavior. The literature discussed below includes only a small 
portion of the large volume of studies on the built environment and travel. The predictor 
elements of built environment in general can fell into three dimensions: density, diversity, and 
design (Cervero & Kockelman, 1997; Cervero, 2002; Ewing & Cervero, 2010; Cervero et al., 
2009). Measures of travel behavior, such as trip generation frequency, travel distance, and mode 
choice, have been examined relative to different characteristics of the built environment.  
Cervero and Kockelman (1997) first proposed the “3Ds” model, in an attempt to capture 
the meausres of three principal dimensions of the built environment – density, land use diversity, 
and design, and examined their reletative influences on trip rates and mode choice of residents in 
the San Francisco Bay Area. The study found that these three elements generally help reduce trip 
generation rate and encourage non-motorized travel, and residents living in neighborhoods with 
grid patterns street and restricted parking generate less VMT and less drive-along behavior for 
non-work trips (Cervero & Kockelman, 1997). In another research by Cervero (2002), the 
measures of density, diversity, and design of built environments, plus factors related to travel 
costs and travelers’ socio-economic attributes, were integrated into the model to examine their 
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influences on travel model choice. The results showed that land use patterns significantly 
influence decisions to drive-alone, share a ride, or use transit, holding confounding factors 
constant. One of the major contribution of this study is that it revealed the importance of 
including socio-economic attributes to test the influences of land use characteristics on travel 
behavior (Cervero, 2002).  
Handy (2005) conducted an extensive literature review to discuss and evaluate empirical 
evidence regarding the relationship between the built environment and physical activities. Unlike 
most travel behavior studies that have largely focused on motorized modes, her research 
emphasized those physical activities –mainly walking and biking –and aimed to  provide a 
systematic theoretical framework to understand the role of the built environment in encourage 
active travel. In another study that mainly focused on walking and biking, Rodriguez and Joo 
(2004) examined the relationship between travel mode choice and attributes of physical 
environment. Four environmental attributes – topography, sidewalk availability, residential 
density, and the presence of walking and cycling paths -- were added into the model to estimate 
travel mode choice. The study suggested that the inclusion of  the natural and the built 
environments’s elements helps explain the non-motorized travel behavior.  
In the study by Cervero et al. (2009), the influences of built environments on walking and 
cycling was examined in the city of Bogota, Colombia. For expressing built environments, two 
additional “Ds” – distance to transit and destination accessibility – were added to the former 
“3Ds” model. Results showed that whereas road design elements and proximity to cycle lanes 
are associated with physical activity, other attributes, such as density and diversity of land uses, 
destination accessibility, and distance to transit, have little influence on non-motorized travel 
demand.  This study revealed that in cities like Bogota where land uses patterns are compact and 
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mixed-use, density and diversity may no longer impose significant influences on travel behavior 
(Cervero et al, 2009). It also calls attention to the uniqueness of the effects of the built 
environment under different urban settings.    
In a more recent study, Ewing and Cervero (2010) performed a meta-analysis of more 
than 50 literatures examining the assoications between the built environment and travel. They 
found that private vehicel miles traveld is most strongly related measures of accessibility to 
destinations and secondarily to measures of street  network design. In terms of alternative uses,  
walking and cycling are found to be related to the measures of land use diversity, street density 
and connectivity, and the number of destinations; transit uses are found to be related to the 
proximity to transit service as well as the street network layout and designs (Ewing & Cervero, 
2010).  
Until recently, a growing but still limited number of studies began to focus on this area in 
Chinese cities. Pan et al., (2009) examined the effects of the urban spatial transformation on 
travel behavior and vehicle ownership using a travel survey from four neighborhoods in 
Shanghai, China. The findings suggested that pedestrian/cyclist-friendly urban form help slow 
down the pace of motorization, reduce the need for high levels of motor vehicle ownership, and 
generate shorter travel distances (Pan, Shen, & Zhang, 2009). Wang & Chai (2009) investigated 
the difference in commuting behavior between individuals living in formal market developed 
communities and those living in work-house compiled communities (so-called danwei, a type of 
neighborhood with a good balance in housing and job provisions). The survey showed that living 
in danwei neighborhoods was associated with shorter commuting trips and higher usag of non-
motorized mode (Wang & Chai, 2009). 
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2.2 Built Environment and Energy Uses  
Previous research on travel behavior have provided an important theoretical framework 
and plentiful empirical evidences on explaining how land use pattern influences human activities. 
More recently, new applications of this research field begin to focus on climate change topics. 
Researchers have been growing interested in the association between land use pattern and 
greenhouse gas (GHG) emissions, especially for the impacts of urban transport on GHG 
emissions (Brownstone & Golob, 2009; Norman, et al., 2006; Brown, Southworth, & Sarzynski, 
2008; Glaeser & Kahn, 2010; Jiang, He, & Zegras, 2011; VandeWeghe & Kennedy, 2007). The 
travel energy consumption and vehicle miles of traveled, which links GHG emissions and travel 
behaviors, becomes an important indicator under this new research theme.  
Norman, et al. (2006) assessed the energy use and greenhous gas emissions associated 
with high- and low- density residential development in Toronto, Canada. Using a Life-Cycle 
assessment, the study found that per capita transportation-related energy use / GHG emissions 
associated with low-desntiy development was 3.7 times higher than those assoicated with high-
density development. VandeWeghe and Kennedy (2007) examined the spatial distribution of 
residential greenhouse gas emissions over the city of Toronton in order to understand the impacts 
of varing urban form. The study found that the top ten highest GHG emission tracts were all 
located in the suburban low-density tracts, and private auto uses were the major contributors to 
those high emissions (VandeWeghe & Kennedy, 2007). The findings presented in these two 
studies indicated that increasing residential density may contribute a significant reduction in 
energy consumption and GHG emissions.  
Brownstone (2008) examined the literature on the relationships between the built 
environment and household vehicle miles traveled in an attempt to connect the built environment 
10 
 
and energy use / GHG emissions. A later study by Brownstone and Golob (2009) attempted to 
measure the relationship between residential density, household vehicel use, and household 
vehicle fuel. By comparing two Califonia neighborhoods that are similar in all respects except 
residential density, the study found that increasing density by 1000 dwelling units per square 
mile will decrease a representative household’s VMT by 1200 miles per year and reduce 
household’s fuel used by 65 gallons per year (Brownstone & Golob, 2009).   
Boarnet, et al. (2011) estimated the regression for household VMT on a set of 
sociodemographic variables and land use measures for the Southern California Association of 
Governments region. The research emphasized the importance of dividing land use variables into 
two geographic scales – local scale and regional scale. They chose population density and 
employment accessibility as the measures of local and regional accessibility. The results showed 
that the impact of employment accessibility on VMT is three to four times larger than common 
elasticities derived from the previous literature and suggested that land use policies aimed at 
reducing VMT or GHG should focus on employment accessibility – that is, regional access -- 
rather than neighborhood population density (Boarnet, Houston, Ferguson, & Spears, 2011).  
Emrath and Liu (2008) analyzed the effects of housing unit density and location on 
transportation carbon dioxide emissions in the United States. Data were extracted or derived 
from 2001 U.S. National Household Travel Survey, and multivariate regression models were 
applied. Controlling for household attributes, the estimates showed that gasoline consumption 
and the associated CO2 emissions decline as the housing units increases (Emrath & Liu, 2008). 
In a more recent research, Glaeser and Kahn (2010) attempted to measure the household carbon 
dioxide emissions in 66 major metropolitan areas within the United States. The study found that 
the lowest emissions areas are generally in California and the highest emissions areas are in 
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Texas and Oklahoma, and cities generally have sigficantly lower emissions than suburban areas 
(Glaeser & Kahn, 2010).  
Jiang (2010) examined neighborhood location and characteristics’s influences on 
household travel energy uses in Jinan, China. The study concluded that households in traditional 
grid-pattern neighborhoods consume less transportation energy than those in newly developed 
super-block neighborhoods and called for policy makers and planners to rethink the super-block 
developments in China’s urbanization process.  
In summary, despite differences in theories, concepts, measurementss and methods, past 
studies from travel behavior literature and energy uses literature in western countries have 
provided relatively consistent and convincing empirical evidences showing a significant 
association between the built environment and travel and energy consumption. Broadly speaking, 
these results suggest that urban planning can be a variable instrument to mitigate climate change.  
One major concern raised above is that empirical results are highly dependent upon local 
context and study settings. While most of the research approaches and findings related to travel 
and the built environment relationship have been developed using empirical evidence from 
developed countries, notably North America, this perspective does not necessarily apply to other 
parts of the world. On the other hand, though planners and scholars have shown emerging 
interests in applying urban planning as a viable GHG emission reduction instrument, until now 
there has not been adequate empirical evidence in China that can support informed decisions 
about local land use, land designs and urban transport plans from the climate change perspective. 
Therefore, more solid research is needed enrich our understanding of the relationship between 
travel and the built environment in the context of China.   
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Chapter 3 Research Context 
In understanding how urban form and the built environment can influence residential 
buildings and travel related energy consumption and greenhouse gas (GHG) emissions, Beijing 
Municipal Institute of City Planning and Design and the Energy Foundation China Office 
(sponsor of this project) launched a research project in 2013.  The overall research outcomes are 
intended to support the city’s upcoming low-carbon urban design guidelines and zoning 
modifications. This study is a component of this “Beijing’s low-carbon urban planning and 
design” project. In particular, this study focuses on the neighborhood-level built environment. By 
examining neighborhood characteristics and quantifying their effects on residents’ travel 
behavior and travel energy consumption, the study attempts to improve our understanding of the 
potential role of urban spatial planning on energy consumption/GHG emissions reduction in 
China.  
This chapter is structured in three parts. The first part introduces the city’s general 
background, including population, economics, transportation, and environmental issues. The 
second part briefs Beijing’s urban form. Neighborhood typologies and their characteristics are 
also identified and described in this part. The last part addresses the research process and data 
collection. 
3.1 Beijing Background  
Beijing is located in the north of China (see Figure 3.1). It is the capital of China and one 
of the most populous cities in the world. The population in 2012 has been over 20 million 
(Beijing Statistics Bureau, 2013). It is the second largest Chinese city by urban population after 
Shanghai. Beijing Municipality consists of 6 urban districts (i.e. the sum of orange and pink 
parcels in Figure 3.1 right), 8 suburban districts and 2 rural counties, covering a total area of 
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6,489 square mile. In this article, Beijing mainly refers to the urban area. In 2010, the urban 
population was around 12 million, and the average urban population density was 14,694 people 
per square km in 2010 (Beijing Statistics Bureau, 2011). In 2010, Beijing’s nominal GDP 
reached 1.37 trillion RMB (221 billion U.S. Dollars). The GDP per capital was 78,194 RMB 
(12,612 U.S. Dollars). The annual disposable income for urban population is 26,738 RMB per 
capita (4,312 U.S. Dollars).  
Figure 3.1 Location of Beijing and Its Administrative Divisions 
          
Beijing has an extensive public transportation network of buses, trolleybuses, suburban 
rail, bus rapid transit (BRT), and a rapidly expanding subway system. In 2009, nearly 28,000 
buses (including trolleybuses) were operated on 882 bus lines and delivered 5.03 billion riders 
(Beijing Public Transport Holdings). By the end of 2011, Beijing had more than 28,343 buses 
carrying over 13.39 million person per trip a day (China Daily, 2012). The city also provides 
exclusive bus lanes and bus priority lanes in many arterial and sub-arterial roads. The Beijing’s 
subway system now has 16 lines, 275 miles of tracks and 261 stations in operation, making it the 
second longest subway system in the world (The Beijing News, 2012). In 2012, the annual 
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ridership was over 2.46 billion and ranks third in the world after those of Tokyo and Seoul. The 
highest single-day ridership was 10.276 million passengers, recorded on March 8, 2013 (Beijing 
Subway, 2013). By 2020, extensive expansion plans will call for 19 lines and over 650 miles of 
track (China News, 2010). Public transportation in Beijing has one of the lowest fare schedules 
in China, with only 0.30 US dollar per ride for subway and around 0.10 US dollar for buses. 
Such extensive public transportation network has enabled major communities in Beijing to have 
good accesses to buses or subways service. 
Despite the comprehensive public transportation network, due to the fast-rising 
motorization trend and rapid population growth, Beijing now suffers from widespread and 
exacerbating traffic congestion. In 2010, the average monthly increase in registered new cars was 
66,000, and by February 15, 2012, there was 5.017 million private vehicles registered in Beijing. 
At this rate, the estimated car ownership will reach 6 million in 2016 (China Daily, 2012). 
However, under the current traffic control measures, the road network of Beijing can only 
accommodate 6.7 million automobiles; largely volumes of traffic increase road congestion as the 
capacity limit of existing transport facilities is exceeded (Yang, 2010). Figure 3.2 shows the 
modal share changes from 1986 to 2011. The share of private cars has risen dramatically from 
less than 15 percent in year 2002 to over 30 percent in 2011. Simultaneously, there has been a 
continuous decline in the bicycles uses.  
Since the 2008 Olympics, a number of policies and car control measures have been 
carried out, but these have failed to ease congestion. The governments and city planners have 
indicated that they want to boost the number of cyclists by 25% during the next five-year plan 
(Watts, 2010).  To achieve that, the government has planned to improve the infrastructure for 
cyclists and install new bike-sharing program providing 50,000 bikes by 2015.  
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Figure 3.2 Beijing's Modal Share Changes: 1986-2011
 
Sources: EMBARQ, 2014 
The growing traffic issues have further exacerbated the city’s air quality. Beijing is 
widely considered as one of the world most polluted cities in terms of air quality. In a study of 
evaluating the emissions and air quality in 13 of the world’s megacities, Beijing places second 
for sulfur dioxide second for nitrogen dioxide, and fifth for total particulate matters (Gurjar et al. 
2008). Air pollution prevention and treatment has recently become the top priority for the city’s 
government. In January 2014, the municipal legislature of Beijing passed a regulation on air 
pollution. The regulation was featured by emission controls and harsher penalties, and one of the 
major measurements is to control the number of vehicles (Xinhua, 2014).    
Besides the great pressures on air quality and traffic congestion, Beijing is also facing the 
challenges of carbon emissions reduction. Low-carbon development has become the core theme 
of China’s urbanization. In 2012, Beijing was identified as one of the low-carbon pilot cities and 
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mandated to fulfill several tasks including developing city-wide GHG emissions inventories and 
low-carbon action plans (WRI, 2013). These new low-carbon development goals not only call 
for stronger commitments in industrial energy efficiency, green techniques and renewable energy, 
but also require more sustainable land use planning and efficient transportation system.  
3.2 Urban Form & Neighborhood Typologies 
Figure 3.3 presents the city’s roadway network and major development districts. Beijing 
possesses a multiple-ring roads network. The urban transportation spreads out in a pattern 
followed by concentric ring roads. The 2
nd
 Ring Road is encircling the urban core, which 
consists of two urban districts, Dongcheng and Xicheng. Within the urban core, the streets 
generally follow a grid pattern with straight east-west direction. Beyond the 2
nd
 Ring Road, the 
city spreads out in a pattern followed by concentric ring roads. Four other districts, Haidian, 
Chaoyang, Fengtai and Shijingshan, which were once considered as the city’s outskirts, now 
become important integral parts of the city. The entire urban area is normally considered to be 
inside the 5
th
 Ring Road.  
Tiananmen Square is usually considered the city’s center, both spatially and politically 
(shown in yellow). It is located at the Chang’an Avenue, a city’s major east-west direction 
arterial. There are a number of notable sites and major government office buildings lying along 
this avenue. The Beijing Central Business district (CBD) has been identified as the city’s 
business center (shown in red). It is home to a variety of corporate regional headquarters, 
shopping precincts, and high-end housing. Chaoyangmen and Fuxingmen are city’s financial 
center (shown in orange). Zhongguancun, well known as “China’s Silicon Valley”, is the city’s 
major High-Technology industry development district (shown in blue).  
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Figure 3.3 Beijing's Multiple Centers 
 
Sources: Adopted from Google Map, 2014. 
At the city scale, Beijing has experienced dramatic changes over the evolutionary history, 
thus presenting various urban design and neighborhoods forms. The inner city of Beijing has 
been recognized as the great example of urban planning and urban design. The street network 
follows a narrow grid pattern with straight east-west direction. The width of a typical block is 
about 50 to 100 meters. The residential buildings are about 3 to 10 floors high. The main streets 
are usually 2 to 4 lanes wide, connecting with ample of narrow alleyways or streets.  A variety of 
retail and commercial developments are located along the main streets and within the 
neighborhoods. The street proportions and environment are very friendly for pedestrians and 
cyclists. The whole district is characterized by openness, walkability, high accessibility.  
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As moving farther away from the urban core, the city spreads out in a radiated roadway 
layout followed by concentric ring roads. The city-superhighways, usually with 6 to 8 lanes, 
begin to dominate the city’s roadway networks. The main streets inside the neighborhoods are 4 
to 6 lanes wide with narrow shoulders and poor-equipped sidewalks. Although building broader 
roads are aimed to increase the road capacity, it in turn lowers the efficiency and mobility, and 
compromises the walking quality. The intersection is often the initial point of traffic jams. 
Without sufficient and well-designed walking and biking facilities (e.g. crosswalks bulb-outs, 
sidewalk buffers, separated bike lanes, street trees), walking or cycling are considered as unsafe 
and unpleasant.  A typical block in these districts is about 100 to 200 meters wide, featured by 
high-rise buildings (10 to 30 floors), considerable landscaping, auto-oriented internal road 
networks, and ample parking spaces. Because most of communities were developed by formal 
housing developers, they are completely enclosed by walls or fences with only a few entrances, 
leading to a lack of inter-connections.   
Although it would have been desirable to implement a detailed and completed analysis of 
all neighborhood typologies in Beijing, such an approach would not be applicable due to the 
budgetary and feasibility constraints. To address this problem, Beijing Municipal Institute of 
City Planning and Design and the Energy Foundation-Beijing Office, collaborated with several 
academic institutes, have worked on identifying a representative sample of neighborhood 
typologies across a wide array of location factors, neighborhood and population characteristics, 
and energy consumption patterns. The first-round survey was conducted in 2010, and a total of 
50 communities were covered. Each third of these communities are located in the city’s core, 
city’s outskirt, and suburban areas, respectively (Beijing Municipal Institute of City Planning and 
Design, et al., 2012). A total of 1400 household questionnaires were issued in these communities, 
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and 1227 of those were responded (response rate 12.36%). The purpose of this first-round 
screening survey is to investigate whether there is relationship between neighborhood forms and 
household energy consumption and to identify neighborhood typologies as a sampling frame.  
As a result, six neighborhood typologies were determined. These typologies are: “urban 
village”, “traditional neighborhood”, “grid neighborhood”, “enclosed small block”, “enclosed 
super block”, and “low-rise super block”. The neighborhoods typologies were classified based on 
a variety of locational characteristics, built year, physical attributes and street network layout (e.g. 
block dimension, street width and connections, neighborhood openness, building height, and 
buildings density). Ideally, they represent a completed set of features of Beijing’s neighborhoods 
throughout different historic periods. A descriptive summary of these neighborhood typologies is 
shown in Table 3.1.  
Table 3.1 Description of Neighborhood Features across Six Neighborhood Typologies 
Typology Location/Street/Building/Functions  
1. Urban Village Located at the city’s outskirts, narrow alleyways, little access for car, no parking 
spaces, low rise building with high building coverage, on-site employment and 
retail 
2. Traditional 
Neighborhood 
(before 1960s) 
Located at the city core, grid patterns, narrow streets, high pedestrian and cyclist 
accessibility, open to public, some limitation to auto use, low population density, 
low-rise building but with high building coverage, on-site employment and 
retail, integrated with various communities amenities and public service 
3. Grid Neighborhood 
(1960-90s) 
Small blocks with 100 meter wide, grid street layout, good accessibility for both 
pedestrian and auto, on-street parking, have some openness and  inter-
connectivity with surrounding neighborhoods, mid-rise buildings, high building 
coverage, on-site employment and retail, integrated with various communities 
amenities and public service 
4. Enclosed Small 
Block 
(1990-2000s) 
Small blocks with 100 to 150 meter wide, enclosed by fence or wall with 
security and monitoring measures at access points, dead-end interior street 
network, lack of interconnection with surroundings, high-rise buildings, limited 
employment and retail uses 
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Typology Location/Street/Building/Functions  
5. Enclosed Super 
Block 
(2000s) 
Located at the city’s outskirt and suburban areas, large blocks with over 200 
meter wide, entirely enclosed with security and monitoring measures at access 
points, lack of interconnection with surroundings, dead-end interior street 
network, high-rise buildings, limited employment and retail uses 
6. Low-Rise Super 
Block 
(2000s) 
Located at the city’s outskirt and suburban areas, large blocks with over 400 
meter wide, 4 lanes urban arterial connected, entirely enclosed with security and 
monitoring measures, low-to mid-rise buildings, low building coverage, limited 
employment and retail uses 
Sources: Derived from collaboration with Energy Foundation and local planners 
3.2.1 Urban Village 
The “urban village” can be found at the edge of the city. This type of neighborhood is 
characterized by low stories buildings (usually less than 3 stories) and narrow alleys. There are a 
plenty of convenient stores, community amenities, and local business serving the neighborhoods. 
Because of the narrow street network, cars have little access into the neighborhood. No on-site 
parking spaces are provided.  
3.2.2  Traditional Neighborhood 
The majority of “traditional neighborhood” can be found in the inner city. This type of 
neighborhood is representative of classical Chinese architecture. In terms of street layouts and 
building density, “urban village” and “traditional neighborhood” are quite similar to each other. 
The main differences are that “urban village” is located at the edge of the city, and most of the 
properties are belong to informal or rural land use types; in other words, it can be viewed as a 
transition of urban and rural development. For “traditional neighborhood”, they are located in the 
core of city and remain an ancient Chinese neighborhood and alley style.  
Similar to “urban neighborhood”, the height of buildings are usually no more than 3 
stories. A typical block is less than 100 meter wide. Parking lots are rarely provided inside the 
neighborhood. The streets are commonly designated one-way. The neighborhood is entirely open 
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to public, and the highly connected alley network makes the whole district very accessible. Most 
of this type of neighborhood set down in the urban cores, where are served by an ample amount 
of retail and offices.  
3.2.3 Grid Neighborhood 
As a type of neighborhood development introduced in the early years, most of grid 
neighborhoods are situated in the inner city or were once developed at the edge of the inner city 
but now are surrounded by city’s new development. The building is no more than 10 stories in 
height. The dimension of a typical block is around 100 meters wide. The neighborhood’s street 
network is usually well integrated with urban roadway and built in grid patterns, which can 
provide good accessibility. The neighborhood encompasses a diverse of retail and employment 
and is supplied by a plenty of community amenities and public service, such as schools, 
kindergartens, and clinics.    
3.2.4 Enclosed Small Block  
The “enclosed small block” neighborhood has come into fashion since the 1990s. A 
typical block of this type of neighborhood is about 100 to 150 meter wide. The neighborhood is 
featured by high-rise buildings (10 to over 20 stories), high density in dwelling units, and tends 
to be more homogenous in residential uses. Because most of these neighborhoods were 
developed by formal housing developers who value the exclusivity and privacy a lot, security 
and monitoring systems are commonly installed and make the neighborhood isolated with 
surrounding urban environments.  
3.2.5 Enclosed Super Block 
The “enclosed super block” neighborhood is quite similar to “enclose small block” in 
terms of building function and physical settings except that they have larger blocks with over 
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200 meter wide and their buildings are relatively shorter. Most of them are located at the city’s 
outskirt or suburban areas. In addition, the “enclosed super block” is usually characterized by 
large-scale green spaces and landscapes and auto-oriented internal road network.  
3.2.6 Low-rise Super Block 
Located at the edge of the city or suburban areas, the “low-rise super block” 
neighborhood is featured by luxury dwelling setting and spacious neighborhood environment. 
The dimension of a typical block is over 400 meters by 400 meters. Low-to mid-rise residential 
buildings dominate the neighborhoods with little mixed use. Similarly, the neighborhood is 
enclosed by walls or fences. The landscape and street layouts are considered as auto-oriented 
design.    
3.3. Survey Data 
Based on above typologies, 15 typical neighborhoods in Beijing were identified as study 
sample. Their locations are presented in Figure 3.4.  Measures of neighborhood form were 
collected through on-site visit and converted and calculated via AutoCAD database. Household 
information was collected through neighborhood survey. A total of 905 households in these 15 
neighborhoods were randomly selected to fill out the questionnaire survey. 821 households were 
responded, and the response rate was 90.72%. The questionnaire was designed to collect data on 
both in-house and travel-related energy expenditures with basic household and personal 
information. In this study only the data that are related to household travel were used. After 
excluding the incomplete responses regarding travel information, a total of 747 households were 
eligible. A summary of neighborhood variation by typology is shown in Table 3.2.  
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Figure 3.4 Selected Community Locations 
 
Table 3.2 Summary of Neighborhoods' General Features and Sample Size 
Community 
ID 
Distance to 
Metro Station 
(km) 
Distance to 
City Center 
(km) 
Distance to 
Nearest Sub-City 
Center (km)* 
Built 
Year 
Eligible 
Sample Size 
Neighborhood 
Typology 
1 0.670 13.3 2.7 N/A 77 Urban Village 
2 1.700 2.7 2.7 1960s 50 Traditional 
Neighborhood 3 0.300 0.8 0.8 1960s 68 
4 4.100 15.5 7.2 1990s 49 
Grid 
Neighborhood 
5 0.110 8.2 7.0 1980s 40 
6 1.350 18.2 12.6 1980s 48 
7 0.800 18.8 5.4 1990s 57 
8 0.400 7.5 0.3 2000s 11 
Enclosed 
Small Block 
9 2.400 7.8 5.4 2000s 51 
10 1.000 11.7 2.1 1990s 65 
11 0.600 22.1 13.1 2000s 51 
Enclosed 
Super Block 
12 4.000 17.4 10.5 2000s 53 
13 0.600 23 14.4 2000s 39 
14 0.350 18.8 5.4 2000s 54 
15 1.500 17.2 6.1 2000s 34 
Low-rise 
Super Block 
* Sub-city centers include CBD, High-tech Center, and Financial Center.  
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Figure 3.5 Maps of Selected Neighborhood Samples  
Typology#2 “Traditional Neighborhood” 
Neighborhood#2                                                   Neighborhood#3 
  
 
Typology#3 “Grid Neighborhood” 
Neighborhood#4                                                   Neighborhood#5 
  
 
Neighborhood#6                                                    Neighborhood#7 
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Typology#4 “Enclosed Small Block” 
Neighborhood#8                                                    Neighborhood#9 
  
Neighborhood#10 
  
Typology#5 “Enclosed Super Block” 
Neighborhood#11                                                   Neighborhood#12 
  
Neighborhood#13                                                  Neighborhood#14 
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Typology#6 “Low-rise Super Block” 
Neighborhood#15                                                   
 
 
 Typical household and personal information includes: 1) Number of people in the 
household, and number of employees; 2) Family structure, i.e. single, couple, couple with 
children, parents with married children, grandparents with children, and three generations; 3) 
Gender, age, occupation for each household members; 4) Household monthly income; 5)Vehicle 
Ownership.  
In order to obtain travel related information, participants were asked to keep a weekly 
detailed travel diary for each member in the household. Specific information includes: 1) Trip 
purpose: work, school, shopping, hospital, entertainment, etc.; 2) Number of trips by each 
purpose per week; 3) Average trip distance by each purpose; 4) Travel mode associated with trip 
distance; 5) Whether it is share-a-ride, if yes, who is the driver; 6) Trip duration associated with 
trip distance.  
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Chapter 4 Descriptive Analysis 
This chapter examines a full array of neighborhood characteristics, socio-economic 
attributes, and travel patterns across neighborhood typologies and provide in depth descriptive 
analysis of travel energy consumption associated with the neighborhood form. Measures of 
neighborhood are examined through three aspects: density, diversity, and design. Socio-
economics and demographics information across six neighborhood typologies are also presented. 
In terms of travel patterns, vehicle ownership, commute travel pattern, and transportation energy 
consumption for each type of neighborhood are investigated and compared. In the end, this 
chapter also examines the interacted relationship between transportation energy consumption and 
household income and vehicle ownership.  
4.1 Density Measures  
Dwelling density, floor area ratio (the ratio of total floor area of buildings in the 
neighborhood to the size of the neighborhood land), building coverage (percentage of lot area 
occupied by building footprint), and building heights are selected as density measures for this 
study. The results of these indicators for each neighborhood typology are presented in Table 4.1.   
Table 4.1 Density Measures for Six Neighborhood Typologies 
ID Typology Name 
Dwelling Density 
(unit per km
2
) 
Floor Area 
Ratio 
Building 
Coverage 
Avg. Building 
Floors 
1 Urban Village 7,449 1.03 54% 1.75 
2 Traditional Neighborhood 6,035 0.80 47% 1.50 
3 Grid Neighborhood 14,767 1.49 33% 6.00 
4 Enclosed Small Block 20,623 3.56 27% 12.00 
5 Enclosed Super Block 11,332 2.10 27% 6.75 
6 Low-Rise Super Block 5,905 1.22 18% 6.00 
In terms of dwelling density, neighborhood type 3 “grid neighborhood” and type 4 
“enclosed small block” has the highest average dwelling density, followed by type 5 “enclosed 
super block”. Unsurprisingly, feature by low-rise building, type 1 “urban village” and type 2 
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“traditional neighborhood” have a relatively lower dwelling density. Although the average 
building heights of “low-rise super block” neighborhood is similar with “grid neighborhood”, it 
has the lowest dwelling density mainly due to its much larger dwelling unit’s sizes and lower 
building coverage.  
Shown in Figure 4.1, the comparison of average building floor height and floor area ratio 
is well consistent with our expectations, showing that greater floor area ratio is associated with 
taller buildings. Building coverage represents the ratio of the building footprint area to its site 
area. As shown in Figure 4.2, building coverage decreases constantly from type 1 to 6, which 
also indicates the amount of open spaces and street areas on the development site increases 
accordingly. This generally confirms our neighborhood grouping assumption that compared to 
typologies 1, 2 and 3, enclosed block neighborhood typologies 4, 5, and 6 tend to have a larger 
portion of site area dedicated to parking, roadway, or larger-scale landscape and this would 
consequently accommodate on-site parking and encourage car circulation.   
Figure 4.1 Building Floor vs. Floor Area Ratio 
 
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
0.00
2.00
4.00
6.00
8.00
10.00
12.00
14.00
Avg. Building Floor
Floor Area Ratio
29 
 
Figure 4.2  Floor Area Ratio by Typologies 
 
4.2 Diversity Measures 
For diversity measures, we used land use mix and building function mix as the indicators. 
Land use mix varies between 0 and 1 and has been computed as follows:  
Land use mix = 1 - {
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}                                                             (1) 
where r = square meter of residential land area, c= square meters of commercial/business/office 
land area, i= square meters of industrial land area, a=square meters of administrative/institutional 
land area, o=square meters of open-space/recreational/parking/roadway land area, and T= r + c + 
i + a + o. A value of 0 for this measure means that the land in the neighborhood is exclusively 
dedicated to a single use, while a value of 1 indicates perfect mixing of the five land uses 
(Rajamani et al., 2003). The land uses category is determined by the dominant uses of each 
building.  
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The calculation formula of building function mix is similar as above except that, instead 
of using land area, it applies floor areas for each land use and excludes the use of open 
space/recreational/parking/roadway in the calculation. Therefore, it expresses the actual areas 
dedicated to different uses. The diversity measures results are shown in Table 4.2 and Figure 4.3.  
Table 4.2 Diversity Measures 
ID Typology Name Land Use Mix Building Function Mix 
1 Urban Village 0.38 0.22 
2 Traditional Neighborhood 0.32 0.16 
3 Grid Neighborhood 0.37 0.24 
4 Enclosed Small Block 0.34 0.19 
5 Enclosed Super Block 0.30 0.11 
6 Low-Rise Super Block 0.23 0.11 
  
Figure 4.3 Land Use Mix vs. Building Function Mix 
 
As expected, type 6 “low-rise super block” has the lowest land use mix and building 
function mix, indicating the most homogenous land and building uses patterns. Type 1 “urban 
village” and type 3 “grid neighborhood” have the highest values in land use mix, followed by 
type 4 “enclosed small block” and type 2 “traditional neighborhood”. These results confirm our 
hypothesis that as a highly self-supported community, urban village and grid neighborhood are 
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well balanced in jobs and housing supply and integrated with commercial and institutional 
facilities (e.g. kindergartens, schools, convenience shops, restaurants, etc.). It is plausible to 
observe a relatively higher value in land use mix measure for type 4 “enclosed small block” 
because it has the highest dwelling density and, in order to meet the demand of residents’ daily 
life, a provisions of various land uses are necessary. Though type 2 “traditional neighborhood” 
doesn’t show a quite high value in land use mix, the indicators are exclusively for community 
internal land uses and if we obtained land uses data within a certain distance of the communities, 
we would expected to capture a much higher value for traditional neighborhood; located in the 
center of the city, most of traditional neighborhoods are commonly supplied with a mix of 
housing, shops, restaurants, offices, and other uses in the nearby neighborhoods or along the 
streets.  
The degree of variation in building function mix across different neighborhood 
typologies is generally in consistence with the results for land use mix except that building 
function mix measure of type 6 “low-rise super block” slightly exceeds the value of type 5 
“enclosed super block”. This implies that though low-rise super block neighborhood may be 
homogenous in land uses in terms of land areas, the actual floor areas dedicated to uses other 
than housing is greater than type 5 “enclosed super block”.  
4.3 Design Measures 
Table 4.3 presents a number of design-related indicators of six neighborhood typologies. 
The most obvious distinction between the former and the latter three neighborhoods is the 
provisions of parking lots. For neighborhood type 1, 2 and 3, only few parking lots were 
constructed and supplied; for “urban village” and “traditional neighborhood”, even no parking 
lots are provided due to space constraints. The provisions of parking lots will have some 
32 
 
influences on people’s mode choice. For neighborhoods with few parking spaces, people will 
reduce the frequency of car uses or are less likely to own a car because it will be time-consuming 
to find a parking lot inside neighborhood, or lead to extra fees for parking outside neighborhood.  
In addition, compared to type 1, 2, and 3 neighborhoods, “enclosed small block” and 
“enclosed super block” have a fewer number of entrances/exits but wider entrances and longer 
entry interval distances. In additions, the latter three neighborhoods are all set with monitoring 
and secure measurements at the entry. In other words, these two neighborhoods will make it 
more inconvenient for accessing to places because it requires longer detours and hinders people 
from using streets inside neighborhoods. “Low-rise super block” has a relatively larger number 
of entrances/exits mainly due to the facts that the neighborhood is featured by large-scale 
building blocks and the number of entrances/exit will rise necessarily.  
On the other hand, one advantage of neighborhood type 4, 5 and 6 over the former three 
typologies is the provision of green spaces. As shown in Figure 4.4, over 40 percent of site area 
is covered by green spaces for “enclosed small block”, “enclosed super block”, and “low-rise 
super block”. It is perhaps because the developers value the green and livable image of 
neighborhoods and those green spaces are usually developed for recreational uses. However, a 
higher green coverage is not necessarily related to a more walking-friendly environment, nor 
does it encourage more non-vehicle trips. First of all, these green spaces are exclusive for interior 
recreational use and therefore it has almost nothing to do with exterior trips generation or mode 
choice. In addition, rather than creating green amenities to facilitate pedestrian along the 
sidewalks, most of green spaces are featured by considerable and concentrated landscape, 
obscured spots, winding paths, and cul-de-sac. This type of design may be desirable for 
recreational trips, but not for commute or grocery trips. What’s more, the latter three 
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neighborhoods tends to prioritize car use by providing car-oriented facilities and pays less 
attention on pedestrian activities, as evidenced by the following road-design related indicators.  
 Though characterized by a smaller portion of land area used for green spaces, “urban 
village” and “traditional neighborhood” have a higher share of road coverage. Type 3 “grid 
neighborhood” and type 4 “enclosed small block” have a good balance (30%-40%) in road and 
green coverage, and type 5 and 6 have the lowest value in road coverage. An interesting 
observation can be found by comparing the “internal road density” and “road density in the 
1000-m buffer zone”. Road density was calculated as roadway kilometers divided by land area in 
square kilometers within the neighborhood and 1000 m of the centroid of neighborhoods. As 
shown in Figure 4.5, though internal road density is relatively high and increases from type 4 to 
6, the road density in the 1000-m buffer area shows an opposite trend. This observation is 
consistent with our expectation. Most of the latter three neighborhood samples are located at the 
peripheral area of the city and the roadway system there is dominated by wide urban arterials and 
city highway, and therefore it is unsurprised to witness a decreased road density. As expected, 
“traditional neighborhood” has the highest road density for both neighborhood interior system 
and 1000-m buffer zone. In terms of neighborhood’s interior road width, “urban village” has the 
narrowest street networks which entirely prevent car uses within the neighborhood. Although 
“traditional neighborhood” and “grid neighborhood” have a very similar road width than that of 
the latter three neighborhoods, they function in quite different ways. On-street parking usually 
occupies half of the street spaces in the type 2 and 3 neighborhoods, and it allows urban arterials 
to cut through and get connected. However, the roadway in type 4, 5 and 6 neighborhoods are 
entirely served for auto circulation.  
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Table 4.3 Design Measures across Six Neighborhood Typologies 
Design Measures 
Urban 
Village 
Traditional 
Neighborhood 
Grid 
Neighborhood 
Enclosed 
Small Block 
Enclosed 
Super Block 
Low-Rise 
Super Block 
Parking Lots Matching 
(number per 100 
households) 
- - 18 71 64 65 
# of Entrance & Exit 
Entirely 
Opened 
Entirely 
Opened 
9 3 4 7 
Entry Interval Distance (m) 122 293 474 428 577 380 
Entrance Width (m) n/a  n/a  12.75  19.67  40.75  15.00  
Road Coverage (%) 40% 42% 32% 42% 24% 29% 
Green Coverage (%) 6% 12% 38% 41% 47% 52% 
Internal Road Density 
(km·km-2) 
12.80 29.66 16.13 14.38 16.75 23.15 
Road Density 
(1000m buffer,  km·km-2) 
9.42 12.14 11.73 10.54 9.92 10.23 
Avg. Roadway Width (m) 4 8 9 6 10 8 
 
Figure 4.4 Road Coverage vs. Green Coverage 
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Figure 4.5 Internal Road Density vs. 1000-m buffer Road Density (km/km2) 
 
4.4 Socioeconomics and Demographics  
Table 4.4 presents the six neighborhood typologies in regards to the socioeconomics and 
demographic characteristics of the resident household. The measures include household size, 
number of employment, monthly household income, and family types. The average household 
size is around 3 to 4 persons except for type 1 and 6, which have average less than 3 persons and 
greater than 4 persons per household, respectively. Type 6 also presents the highest number of 
employees per household, which is greater than 2 persons. Although type 1 “urban village” is 
featured by the smallest household size, it has the second highest value in number of employees. 
Figure 4.6 compares the structure of family types across six neighborhood typologies.  
The major difference comes from the household income levels. The average income level 
increases from “traditional neighborhood” to “low-rise super block” – the average household 
income in the “low-rise super block” neighborhood is over five times as much as that in the 
“traditional neighborhood”. However, the household incomes within each type of neighborhood 
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typology tend to vary largely, as demonstrated through the standard deviation of household 
income in Table 4.4.  
Table 4.4 Socioeconomic and Demographic Measures 
 
Household Size  # of Employment 
Ave. Monthly 
Household 
Income (USD$) 
Std. Monthly 
Household 
Income (USD$) 
Urban Village 2.42 1.63 1,110 770 
Traditional Neighborhood 3.06 1.27 972 860 
Grid Neighborhood 3.17 1.33 1,494 1,400 
Enclosed Small Block 3.07 1.20 1,926 2,196 
Enclosed Super Block 3.70 1.58 2,594 2,174 
Low-Rise Super Block 4.15 2.09 5,012 4,103 
 
Figure 4.6 Family Types across Neighborhood Typologies and Monthly Household Income 
 
4.5 Vehicle Ownership 
Table 4.5 tabulates the average vehicle ownership per 100 households by three income 
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household income levels, as it increases as household income grows. Neighborhood typologies 
seem to have some effects on vehicle ownership. As shown in Figure 4.7, at the same level of 
household income, vehicle ownership in the type 4, 5, and 6 is generally higher than the former 
three neighborhoods, and that ownership rate in type 6 “low-rise super block” even reaches 100 
percent despite the income effects. Table 4.6 and Figure 4.8 illustrate the average number of 
vehicle owned by 100 households by different income groups. A striking finding shows that even 
for households in the “low-rise super block” neighborhood with a monthly income of less than 
800 dollars, 100 percent of them own cars and some of the families even have more than one 
vehicle.  
Table 4.5 Vehicle Ownership (owning a car/cars or not) per 100 Households by Monthly Household Income 
HH Income 
(USD$) 
Urban 
Village 
Traditional 
Neighborhood 
Grid 
Neighborhood 
Enclosed 
Small 
Block 
Enclosed 
Super Block 
Low-Rise 
Super Block 
800 3% 6% 26% 26% 30% 100% 
800-2420 20% 40% 79% 46% 62% 100% 
>2420 33% 83% 81% 67% 89% 100% 
 
Table 4.6 Number of Vehicles Owned by Every 100 Households by Monthly Household Income 
HH Income 
(USD$) 
Urban 
Village 
Traditional 
Neighborhood 
Grid 
Neighborhood 
Enclosed 
Small 
Block 
Enclosed 
Super Block 
Low-Rise 
Super Block 
800 3 6 11 28 33 175 
800-2420 23 42 66 48 74 180 
>2420 33 117 107 92 114 170 
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Figure 4.7 Vehicle Ownership per 100 Households by Monthly Household Income 
 
Figure 4.8  Number of Vehicles Owned by Every 100 Households by Monthly Household Income 
 
4.6 Commute Travel Pattern 
Figure 4.9 illustrates commute travel mode share. Ten types of commute mode were 
identified and classified into six groups. They are walk, bike, car, bus, metro, and other (e.g. taxi, 
motorcycle, shuttle bus, company vehicle, etc.). Table 4.7 shows the average number of 
commuters (employment and school students) per households, commute travel distance, 
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commute travel time, and weekly personal commute travel frequency across six neighborhood 
typologies.  
When comparing commute mode share, a large difference in regards to car use is found 
across these six neighborhood typologies. In the type 6 “low-rise super block”, almost 85 percent 
of commute trips are made by car, whereas shares in other neighborhood types are lower than 40 
percent. A more interesting finding is that as moving from type 1 to 6, the car mode share is 
increasing continuously. Regarding non-motorized modes (i.e. walk and bike) “traditional 
neighborhood” presents the largest share of over 45 percent, followed by the “grid neighborhood” 
and the “urban village”. The overall non-motorized mode share is decreasing from type 2 to 6. 
The share of “bus” mode also shows a decreasing trend from type 1 to type 6. The tendency 
regarding the share of “metro” mode is less clear than the “bus”, but if combined with these two 
transit modes, an overall slight increase in mode share is observed except in the “low-rise super 
block”, a plummet in transit use is recorded.  
Figure 4.9 Commute Mode Share across Six Neighborhood Typologies 
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Table 4.7 summarizes the major commute travel attributes. The average number of 
commuters per household is about 2 persons across neighborhood except that the “low-rise super 
block” has an average number of commuters of less than 2 persons. There is no much significant 
difference in regards to commute travel frequency across neighborhood types. On average, a 
commuter takes 9 to 10 trips per week.  
The main differences lie in travel time and distances. The travel distances include all 
modes of travel, thus reflecting the neighborhood locations relative to the workplaces. Because 
Beijing has multiple employment centers, a longer distance relative to the city center are not 
necessarily associated with a longer commute travel length. But for neighborhoods located in the 
inner city, such as “traditional neighborhoods”, they still enjoy some common advantages of 
downtown life, therefore showing a relatively lower personal commute travel distance.  
As shown in Figure 4.10, a longer commuting distance is associated with a longer time, 
except in the “traditional neighborhood” in which the households enjoy a relatively shorter 
distance but spend the second largest amount of time on commuting. This inconsistence comes 
mostly from car and other modes travel time. As presented in Figure 4.11 and 4.12, the mode of 
“other” contributes to the largest portion to the composition of travel distance and travel time in 
the “traditional neighborhood”; and for car uses, it presents the longest travel time compared to 
other neighborhood typologies, therefore rising the overall average travel time in the “traditional 
neighborhood”. As expected, the “enclosed super block” neighborhood has the longest average 
commute travel distance as well as travel time among six neighborhoods. 
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Table 4.7 Commute Travel Attributes 
Neighborhood 
Typology 
Urban 
Village 
Traditional 
Neighborhood 
Grid 
Neighborhood 
Enclosed 
Small 
Block 
Enclosed 
Super Block 
Low-Rise 
Super Block 
# of Commuters 2.01  2.04  2.15  2.02  2.17  1.79  
Weekly Commute 
Travel Frequency 
9.83  9.55  10.23  9.20  9.15  9.58  
Commute Travel 
Time (min) 
29.35  34.10  33.33  30.23  40.49  33.18  
Commute Travel 
Distance (km) 
7.23  8.53  11.94  10.11  13.92  11.04  
Weekly Commute 
Travel Distance (km) 
67.55 72.40 119.24 86.27 128.53 90.09 
 
Figure 4.10 Commute Travel Time vs. Commute Travel Distance 
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Figure 4.11 Commute Travel Distance by Modes 
 
Figure 4.12 Commute Travel Time by Modes 
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4.7 Transport Energy Consumption  
Weekly individual commute travel energy consumption and household travel energy 
consumption are examined as the major travel behavior measures. Individual commute travel 
energy consumption was derived from the household survey. The focus on household unit is 
important in this study because it captures a series of effects, such as the number of household 
commuters, trip generations, travel length, and mode choice, into one integrated indicator and 
can deliver some direct policy implications for transportation planning in Beijing under the 
theme of low-carbon development. The results also take the car shared situation into account 
because some trips are made by more than one member of the family, particularly for the non-
commute trips. In addition, the average personal travel energy consumption was obtained by 
dividing the household energy consumption by the number of people in households, therefore 
eliminating the effects of various household sizes.    
To estimate the individual commute travel energy consumption, the weekly individual 
travel distance by each mode was first obtained by multiplying the weekly trip frequency with 
travel distance and adjusted with car/taxi trip occupancy to ensure no duplicated calculation for 
vehicle sharing situation. The occupancy rates were derived from survey data.  Then the weekly 
travel distance by modes were converted into energy consumption by multiplying with each 
mode’s energy efficiency factor (see Table 4.8). The mode classification in this part is slightly 
different from the classification in the previous section because it is mainly based on the energy 
consumption patterns. The mode of company vehicle is grouped with the mode of car, and the 
mode of “shuttle bus” is with the mode of “bus”.  
The weekly household travel energy consumption was derived in a very similarly except 
that it was summed up every person’s commute travel consumption. The household commute 
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and non-commute energy consumptions were calculated separately. The equations for individual 
and household travel energy consumption are as follows (Jiang, He, & Zegras, 2011):  
    
       
  
     
 
     
                                                                                                      (2)                                                  
  
  ∑   
 
                                                                                                   (3) 
  
  ∑     
 
     
                                                                                                 (4) 
Where  
    
  is the weekly commute travel energy consumption by mode m by person j in household I (kg 
of carbon equivalent per household per week) 
     
  is weekly trip frequency by mode m by person j in household i (trips/week) 
     
  is average trip distance per trip by mode m by person j in household i (km/trip) 
     
  is vehicle trip occupancy by mode m by person j in household i 
  
  is the total weekly household travel energy consumption by household i (kg of carbon 
equivalent per household per week) 
  
  is the weekly household travel energy consumption by household i using mode m (kg of 
carbon equivalent per household per week) 
    is energy efficiency factor for mode m (kg of carbon equivalent per passenger km) 
Table 4.8  Energy Efficiency by Modes 
Mode Energy Efficiency  ( kg of carbon equivalent per passenger km) 
Taxi 0.116618 
Car (including company vehicle) 0.075422 
Bus (including shuttle bus) 0.012155 
Metro 0.000771 
Sources: Provided by Energy Foundation, China (2013) 
It is worth noting that the above energy consumption estimates only take the direct 
energy input into consideration. The effects of vehicle types, speed, traffic conditions, and other 
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exogenous factors are not included in these estimations. We also excluded the vehicles’ life cycle 
energy consumption, such as manufacturing, transporting, and disposing, from the estimation. 
The individual weekly commute travel consumption across six neighborhood typologies 
is presented in Figure 4.13. Given the differences of mode share among the neighborhoods, it is 
not surprising to observe a different pattern of energy consumption against the pattern of weekly 
travel distance. For example, though the average weekly commute travel distance in the “grid 
neighborhood” is much greater than that in the “low-rise super block”, its actual individual 
commute travel energy consumption  is far less than the latter one.  The same is true for the “grid 
neighborhood” and “enclosed super block”, as the gaps between these two neighborhoods in 
terms of energy consumption was magnified due to the effects of mode choice.  
Figure 4.13 Weekly Individual Commute Travel Energy Consumption vs. Weekly Commute Travel Distance   
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significantly as people live in more auto-oriented neighborhoods. Controlling the effects of 
various household sizes by dividing the household travel energy consumption by the number of 
people in each household, the pattern of average energy consumption per capita is generally 
proportional to the pattern of household energy use across neighborhoods (shown in Figure 4.15).  
These results further confirm our hypothesis that different neighborhood forms are associated 
with different travel energy consumption. We can further interpret that it is the mode choice that 
leads to the large different travel energy consumption patterns.  
Figure 4.14 Weekly Household Travel Energy Consumption by Neighborhood Typologies 
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Figure 4.15 Average Weekly Personal Travel Energy Consumption by Neighborhood Typologies 
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Figure 4.16 Weekly Household Travel Energy Consumption vs. Monthly Household Income 
 
4.9 Interaction between Transport Energy Consumption and Vehicle Ownership 
Figure 4.17 shows the relationship between the household transport energy consumption 
and vehicle ownership. Households with more private cars consume more energy on 
transportation except that households with four or more vehicles tend to consume less energy 
than those owning three vehicles.   
Figure 4.17 Weekly Household Travel Energy Consumption vs. Vehicle Ownership 
 
   
 -
 5.00
 10.00
 15.00
 20.00
 25.00
800 800-2420 >2420
kg
 o
f 
ca
rb
o
n
 e
q
u
iv
al
e
n
t 
p
e
r 
w
e
e
k
 
Monthly Household Income in USD$ 
Urban Village
Traditional
Neighborhood
Grid Neighborhood
Enclosed Small Block
Enclosed Super Block
Low-Rise Super Block
 1.53  
 11.43  
 21.33  
 62.37  
 24.77  
 -
 10.00
 20.00
 30.00
 40.00
 50.00
 60.00
 70.00
0 1 2 3 4 or
more
kg
 o
f 
ca
rb
o
n
 e
q
u
iv
al
e
n
t 
p
e
r 
w
e
e
k 
vehicle ownership (number of cars owned per household 
Household Traval…
49 
 
Chapter 5 Multivariate Analysis 
In this chapter, a set of neighborhood characteristics variables were examined to identify 
the relative role of neighborhood forms on household travel behavior and energy consumption. 
More specifically, we are interested in how the neighborhood characteristics are related to the 
personal commute mode choice and weekly household travel energy consumption. In our 
analysis, multinomial logistic (MNL) regression and multiple linear regressions were applied. 
The chapter is organized into two sections. Section 5.1 presents the predict results of personal 
commute mode choice using MNL model. Section 5.2 presents the results of multiple linear 
regression model predicting household weekly travel energy consumption.   
In the MNL model, four mode choices were identified as dependent variables: (1) drive 
(car and taxi), (2) non-motorized (walking and biking), (3) bus, and (4) metro. Other travel 
means, such as shuttle bus, company vehicle, and motorcycle, were excluded from the model. In 
multiple linear regression models, the dependent variable is the log transformed household 
weekly travel energy consumption. Zero values in household travel energy consumption (walk or 
bike for all commute and non-commute trips by every members in a household) were excluded 
from the model to ensure the normally distribution assumption. The independent variables fell 
into three categories, including variables representing individual attributes, variables 
representing household attributes, and variables representing neighborhood characteristics.  
Individual attributes include a person’s age, gender, and commute trip distance. 
Household attributes include log transformed household monthly income, and a dummy variable 
where a household is given a value of 1 if they have one or more children less than 16 years old. 
Characteristics of neighborhoods include those related to land use density (FAR and building 
coverage), land use diversity (land use mix and building use mix), design elements (parking lots 
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matching, road coverage, internal and 1000-m buffer zone road density), characteristics 
associated with locational features and transit accessibility measures, such as distance to the city 
center and the accessibility to transit services. A summary of independent variables are presented 
in Table 5.1. 
Table 5.1 Independent Variables 
Variable  Description Mean Min. Max.    Std.Dev. Sample 
Personal Attributes    
Age Age 33.14 2 73 11.99 774 
Gender A dummy variable equal to one if the person 
is female 
0.50 0 1 0.50 777 
Distance Commute distances (km) 10.69 0 67.08 10.72 777 
Household Attributes    
Ln_Income Log transformed household monthly income 7.35 4.39 9.66 0.89 776 
Child16 A dummy variable equal to one if the 
household has 1 or more children less than 16 
years old 
0.21 0 1 0.17 777 
No_Vehicle The number of vehicles owned by the 
household 
0.66 0 4 0.72 777 
HHsize The number of people in the household 3.48 1.29 1 8 627 
Workers The number of workers in the household  1.63 0.82 0 5 627 
Neighborhood Characteristics    
FAR The ratio of total floor area of buildings in the 
neighborhood to the size of the neighborhood 
land 
1.74 0 1 0.50 777 
Building_Coverage % of building footprint area to the 
neighborhood land area 
0.32 0.18 0.54 0.12 777 
LandUseMix The value of land use mix 0.33 0.23 0.42 0.07 777 
BuildingUseMix The value of building use mix 0.16 0.03 0.26 0.10 777 
ParkingMatch Parking lots per 100 households 22.87 0 100 32.83 777 
Road_Coverage Road area as a percentage of neighborhood 
land area 
0.37 0.25 0.64 0.12 777 
Inter_RoadDensity Roadway kilometers divided by land area 
within neighborhood (km/km^2) 
15.70 11.95 24.98 4.41 777 
RoadDensity Roadway kilometers divided by land area 
within a 1000-m buffer 
9.18 7.11 12.54 1.82 777 
To_CityCenter Distance to the city center 14.10 0.8 23 6.48 777 
To_Metro Distance to the nearest metro station 1.51 0.4 4.1 1.42 777 
No_Metro The number of metro stations within 1500 m 2.21 0 6 1.70 777 
No_Bus_Station The number of bus stations within 800 m 12.92 3 21 4.59 777 
No_Bus_Route The number of bus routes within 800 m 22.07 6 67 12.55 777 
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5.1 MNL on Individual Commute Mode Choice 
In this section, MNL model was used to examine how neighborhood characteristics are 
associated with individual commute mode choice. More particularly, we chose those variables 
measuring the distance to city center, proximity to the transit services, and the amount of transit 
services as independent variables. In addition, those household and individual attribute variables, 
such as age, gender, and household income, which are important to predict mode choices, were 
also incorporated into the model. The dependent variable in this model is the mode choice of 
commuters (workers and students). The results of MNL model are presented in Table 5.2. The 
pseudo R-squared of the model is 0.3711. 
Table 5.2 Multinomial Logit Model to Estimate Mode Choice (n=773) 
  Non-Motorized 
(Walk, Bike) 
Bus Metro 
 Coeff. St.Err. Coeff. St.Err. Coeff. St.Err. 
Constant -10.8237 3.1345*** 3.8385 3.0189 -5.7302 3.7776 
Ln_income -0.8979 0.2002*** -0.3107 0.1849* -0.1826 0.1867 
Age -0.0126 0.0116 -0.0374 0.0122*** -0.0233 0.0136 
Child16 1.1535 0.3291*** 0.4921 0.3106 -0.5020 0.3411 
Gender 1.1487 0.2850*** 1.2349 0.2715*** 1.1383 0.2756*** 
No_Vehicle 2.109 0.2800*** -2.8256 0.2873*** -1.9015 0.2722*** 
Distance -0.3063 0.0304*** -0.0222 0.0143 0.0229 0.0129* 
To_Metro 0.3717 0.1053*** 0.1899 0.098* -0.3203 0.123*** 
No_Metro 0.1494 0.1169 0.0241 0.1085 0.4416 0.1138*** 
No_Bus_Station -0.0377 0.0343 -0.0156 0.0309 0.0669 0.0308** 
No_Bus_Route -0.0137 0.0128 -0.0010 0.0124 0.0180 0.0132 
To_CityCenter -0.0053 0.0632 0.0206 0.0621 0.2208 0.0801*** 
RoadDensity -0.0652 0.1924 0.1086 0.1899 0.3367 0.2326 
Note: Reference mode is Drive. Significance Level *<0.10, **<0.05, ***<0.01. 
Likelihood Ratio chi2 = 665.21035 
  Pseudo R2 = 0.3711 
  
Household income effects are important in the model and show a tendency for higher 
income to increase car uses versus non-motorized and bus uses. This is not surprising since 
generally, higher income individuals are found to use the private car more frequently. This is 
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also consistent with the results from descriptive analysis. The income effects on metro uses 
versus car uses are not statistically significant. It can be partly explained by the facts that many 
high-end communities in Beijing are located around the metro stations and households with high 
income living in those communities can enjoy the benefits of the proximity to metro service and, 
therefore, are more likely to choose metro mode. As a result, the effects of income on metro use 
become less clear.   
Household with children or teenagers under age 16 is found to be associated with an 
increase in non-motorized mode share. It has at least two plausible reasons. One is a walking 
distance between living places and workplaces will provide more flexibility for parents to take 
care of their children; in other words, households with children in or under school ages may be 
more likely to live in places that are near their workplaces, thus allowing them to walk or bike. 
Another reason is that it has been very common for households to choose living close by the 
schools for the sake of saving time on the way  between home and school, so that their children 
would be able to concentrate more time and energy on their academic work.   
Females are associated with an increased non-motorized and public transit share 
compared to drive mode. The individual attribute of age is associated with a decrease in bus use 
compared to drive mode. Car ownership is associated with a reduction in the shares of bus and 
metro use relative to car use, which is consistent with our expectation. The only exception is that 
the positive effects of car ownership on the share of non-motorized modes, which is contrary to 
most findings in previous studies 
For commute trip distance, a longer distance is associated with a decline in non-
motorized mode share and an increase in metro mode share (a 0.10 level of significance). The 
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coefficient of bus mode is not statistically significant. Given the poor surface traffic condition in 
Beijing, bus mode is usually considered a less efficient commute mode and therefore it is 
unlikely that people would prefer bus mode rather than more convenient and comfort private 
vehicles for a longer commute distance. On the contrary, compared to drive, metro is more 
reliable and cheaper, and therefore people may tend to choose metro mode instead of driving for 
a long commute travel distance. This potential reason can also be applied to explain the 
coefficient of “distance to city center”, as people living farther away from the city center, they 
are more likely to choose metro since they cannot avoid traffic congestion when driving into or 
cutting through the inner city. Therefore, the variable of proximity to city center can predict 
metro uses versus drive as a longer distance to city center is associated with an increased metro 
uses, whereas it would fail to achieve a statistical significance in predicting bus use.  
In terms of neighborhood characteristics associated with transit accessibilities, the 
proximity to metro stations, the number of metro stations within a 1500-m distance, and the 
number of bus stations within a 800-distance are statistical significant in predicting metro use 
and associated with an increase in metro use relative to car use. This is consistent with our 
expectation that better transit accessibility will encourage more transit uses, especially for metro 
uses. Since bus is an important feeder mode to metro, it is reasonable to observe a positive effect 
of bus service on metro use. On the other hand, since bus service is commonplace and ample in 
Beijing, the probability of choosing bus as a primary mode will no longer just be affected by the 
amount of bus service provided, but may be affected by a wide array of other factors as well, 
such as the number of transfers, waiting time both in- and out-of-vehicles, and the quality and 
conformability of bus service.  Unfortunately, these factors were not investigated and included in 
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our analysis. Road density within a 1000-m buffer area was hypothesized to have certain effects 
on mode choice, but the results turned out to be statistically insignificant.  
5.2 Multiple Linear Regressions on Household Travel Energy Consumption  
In this section, a stepwise regression model was applied to examine how neighborhood 
characteristics are associated with household travel energy consumption. Adjusted log 
transformed household weekly travel energy consumption is the dependent variable. A set of 
neighborhood characteristics were incorporated in the model as explanatory variables. They 
include: 1) household attributes, such as household size, household monthly income, number of 
workers, a dummy variable equal to 1 if the household has one or more children less than 16 
years old, a dummy variable where a household is given a value of 1 if they have one or more 
elderly people over 65 years old, and vehicle ownership of private car; 2) neighborhood 
characteristics, such as FAR, building coverage, measures of land use and building function 
diversity, parking lots matching per 100 households, road coverage, internal road density, 1000-
m buffer zone road density, and distances to the city center and to the nearest metro stations.  
The prediction model was established by stepwise regions using least correlated variables. 
The gist of the stepwise modeling can be summarized as follows: The algorithm searches for the 
optimum model specification in an iterative step-by-step fashion. The algorithm begins with a 
model specification containing all independent variables. In each step, an independent variable is 
removed until the overall model fit does not significantly improve, i.e., a backward model 
selection. This model selection strategy allows us to explain use a substantial portion of 
variations in the dependent variable using a small subset of least correlated independent variables, 
minimizing multicollinearity issues in the process (Gunst & Mason, 1980). More specifically, the 
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final model only includes independent variables that are statistically significant at the 0.10 level. 
The results of stepwise regression are presented in Table 5.3. The adjusted R-squared is 0.4463.  
Table 5.3 Stepwise Linear Regression to Household Weekly Travel Energy Consumption (n=626) 
Variable Coeff. 
 
St.Err. 
Ln_Income 0.2415 *** 0.0699 
Workers 0.2161 *** 0.0754 
No_Vehicle 1.2149 *** 0.0912 
FAR  -0.1941 ** 0.0664 
Building_Coverage -3.3742 *** 0.8251 
LandUseMix 3.5118 ** 1.3696 
Road_Coverage -2.2930 ** 1.0704 
To_Metro  0.1109 ** 0.0534 
To_CityCenter -0.0423 *** 0.0121 
Constant -0.4078  0.7318 
Note: Significance Level *<0.10, **<0.05, ***<0.01. 
F =56.97 
Adjusted R2 = 0.4463 
 
Household characteristics show some anticipated results. The effect of log-transformed 
household income is positive as expected, which means richer households consume more travel 
energy. Households with more workers tend to consumer more travel energy. Vehicle ownership 
variables have significant and positive impacts on travel energy consumption as well.  
The model also provides evidences for understanding neighborhood characteristics’ 
influences on household travel energy consumption. As discussed earlier, FAR (the ratio of total 
floor area of buildings to the size of the neighborhood land) and building coverage (percentage 
of lot area occupied by building footprint) are common neighborhood density measures. A higher 
value of these measures usually implies a greater building or dwelling density. In our regression 
model, both of these two measures’ coefficients show a negative sign, indicating that higher 
densities are associated with less travel energy consumption after controlling other variables.  
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With respect to the diversity measures, the coefficient of the land use mix is positive and 
significant, which provides evidences to support a conclusion that households in neighborhoods 
with a diverse of land uses tend to consume less energy in travel than those living in more 
homogenous residential neighborhoods.  
In terms of design elements, road coverage is statistically significant in predicting 
household travel energy consumption. The negative sign indicates that holding other variables 
constant, a higher value in road coverage is associated with lower household travel energy 
consumption. This result is consistent with our expectation as well as the description analysis 
results. For example, in “enclosed super block” and “low-rise super block” neighborhoods, both 
building coverage and road coverage are relatively low but green coverage is much high. Those 
green spaces are designated for large-scale landscape and catering to auto circulation and 
therefore it is reasonable to expect higher travel energy consumption. On the contrary, in 
neighborhoods of “urban village” and “traditional neighborhood”, most of land areas are 
dedicated to building and roadway occupancy and such neighborhood setting would be an 
incentive for households to have less-energy intensive travel behavior, such as walking or 
accessing to transit.  
The locational features also matter a lot. The model results indicate that the distance to 
the nearest metro station is a significant predictor of household travel energy consumption. A 
longer distance to metro station is associated with more energy consumption. Travel energy 
consumption tends to be lower for households living farther away from the city center than 
otherwise. This is contrary to most findings but still can hold water in the cities like Beijing. One 
reasonable argument is that urban centers in Beijing provide good urban amenities, service and 
employment opportunities and therefore are usually associated with a high cost of living. 
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Affluent households who may be less sensitive to travel expenditures would be attracted to urban 
core areas and thus are more likely to demonstrate higher energy consumption travel patterns. On 
the contrary, household living farther way from the city center may be more likely to choose 
metro mode, which has been proved in the previous MNL model section, and their travel energy 
consumption will be less as well. Another speculation is that Beijing possesses a multi-center 
city structure, and the variable of distance to city center itself may not be enough to describe the 
locational features of a neighborhood.  
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Chapter 6 Conclusion and Implications 
The goal of this paper is to answer the question whether different neighborhood forms 
make a difference in travel behaviors. The study focuses on two aspects of travel – mode choice 
and household travel energy consumption. By classifying neighborhood typologies based on 
their block dimensions, street layout and connections, openness, and building density, we 
identified Beijing’s residential neighborhoods into six representative typologies: urban village, 
traditional neighborhood, grid neighborhood, enclosed small block, enclosed super block, and 
low-rise super block. 15 neighborhoods were selected as the study sample. Measures of 
neighborhood characteristics and households’ travel data and socio-economic information were 
obtained and collected from these neighborhoods sample. An extensive descriptive analysis was 
performed to compare several measures of neighborhoods characteristics, socio-economic 
attributes, vehicle ownership, and travel energy consumption across six neighborhood typologies. 
In addition, two multivariate regression approaches – multinomial logistic regression and 
stepwise regression - were used to identify the effects of specific neighborhood characteristics as 
well as household socio-economic attributes on travel and energy consumption.  
The final Chapter 6 summarizes major findings from descriptive and quantitative 
analyses and discusses the policy implications and recommendations derived from those research 
results. It also identified the some limitations of the study.  
6.1 Conclusions and Policy Implications  
The results of descriptive analysis and multivariate regression analyses support our 
hypothesis that households living in different neighborhoods would generate different pattern of 
travel and travel energy consumption. Specifically, households living in neighborhoods featured 
by small block, higher connectivity, good openness, and good accessibility are more likely to 
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reduce car uses and patronize transit or non-motorized modes and thus consume less travel-
related energy. Higher building density, more diverse land use, and higher building and road 
coverage are also associated with less energy consumption on transport.   
The study also recognizes a number of household socio-economic attributes that would 
influence household travel patterns. For example, higher income household would be more likely 
to use private car than lower income family. Members in household with children or teenagers 
under age 16 are more likely to choose non-motorized mode. Vehicle ownership is associated 
with an increase in car use as well as travel energy consumption.  
The findings presented in this study provide some policy implications in terms of low-
carbon development for China’s city. The comparison of household travel energy consumption 
across neighborhood types clearly suggests that super-block, isolated, and auto-oriented 
neighborhoods are associated with higher travel energy consumption. Such analysis results calls 
for reconsideration of the current real estate development trend. This further raises question that 
whether the current prevalent neighborhood developments are appropriate for Chinese cities 
under the low-carbon development theme and, if not, how to improve the situation. Findings 
from this study imply that creating small blocks neighborhoods with grid street patterns, 
increasing street connectivity, and improving neighborhood’s openness have certain potential to 
reduce energy consumption and increase non-car mode share.  
Another important implication is that increasing transit accessibility and service provision 
can help achieve energy reductions. One interesting finding from this study shows that 
households living further away from the city center are even more likely to favor transit rather 
than car. This is a good signal because even though Beijing is heading towards a fasting-
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expanding urban structure, Beijing’s continuous efforts in promoting public transit have achieved 
some progress in curbing rapid mode shifting to private vehicle. Such results give us more 
confidence to continue investment and expansion on public transportation service in Beijing.   
Vehicle ownership is associated with higher likelihood to choose car use and more travel 
energy consumption. Beijing and many major cities in China are experiencing rapid motorization. 
Some cities, including Beijing, have launched measures aimed at reducing the number of cars on 
the road by limiting the number of available license plates issued. Such efforts should continue. 
Apart from controlling vehicle ownership, imposing higher taxes on large-emission vehicle 
purchase and gasoline and using the increased revenue to promote transit and build pedestrian 
and bicycle facilities would also be applicable.   
Although the study failed to justify the impacts of parking on energy consumption, efforts 
to reduce car uses by limiting free parking lots and increasing parking fees still hold true. 
Increasing parking fee is one of the least controversial policies because the rationale of paying 
for the use of parking space is accepted by most drivers. Since 2002, the Beijing government 
gradually increased parking fees in non-residential areas to discourage car use. Further efforts in 
limiting parking spaces are expected.  
6.2 Research Limitations  
Numerous research limitations are identified in this study. First of all, regarding the 
measures of household energy consumption, the estimates didn’t account for the speed effects, 
vehicle types, traffic conditions, and other relevant operation factors into consideration. Also, the 
estimates are highly relied upon the self-report data by the household and thus the records may 
not reflect the actual travel and energy consumption situation.  
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Second, as a common caveat, most of the travel behavior studies utilize a cross-sectional 
design, which examines the travel patterns at a certain point in time, so the conclusion drawn 
from the studies are highly time-sensitive, only valid to the extent that the context remain the 
same. The most obvious examples are gasoline prices and vehicle limitation policies. If higher 
gas prices are imposed, or harsher vehicle limitation policies are carried out, then households 
will adjust their travel behavior, reducing the frequency of car uses or VMT, and increasing 
utilization of public transit. In this case, the effects of the built environment on travel will 
become less significant. Also, this study didn’t account for any possible impacts of the city’s 
travel demand management measures, such as parking fees and add-even traffic restriction on 
vehicle use.   
Third, in terms of the research design and regression model, the study didn’t eliminate the 
effects of “self-selection”. The marginal effect of neighborhood form indicators on travel and 
travel energy consumption were not examined as well. Also, due to data limitation, this study 
failed to investigate the built environment characteristics within a larger area around the 
neighborhood or at the trip destination. The measures of neighborhood’s built environment and 
household attributes can be enriched and improved if there were unified database integrating the 
city’s geographic information and demographic and socio-economic information as a whole. In 
addition, there are inherent problems in employing stepwise regression model in predicting 
household travel energy consumption. It can only provide the best set of variables with which to 
predict the dependent variable and would generate some inherent bias in the process. Advanced 
quantitative analysis tool can be tested and employed in further research.  
 
62 
 
References  
Beijing Municipal Institute of City Planning and Design, et al. (2012). 北京居民出行与社区能
耗行为调研. Beijing, China. 
Beijing Statistics Bureau. (2011, May 5). 北京市 2010年第六次全国人口普查主要数据公报. 
Retrieved April 12, 2013, from Beijing Statistical Information Net: 
http://www.bjstats.gov.cn/xwgb/tjgb/pcgb/201105/t20110504_201363.htm 
Bento, A. M., Cropper, M. L., Mobarak, A. M., & Vinha, K. (2005). The Effects of Urban 
Spatial Structure on Travel Demand in the United States. The Review of Economics and 
Statistics, 466-478. 
Boarnet, M. G., Houston, D., Ferguson, G., & Spears, S. (2011). Land Use and Vehicle Miles of 
Travel in the Climate Change Debate: Getting Smarter Than Your Average Bear. Climate 
Change and Land Policies (pp. 151-187). Cambridge, Massachusettes: Lincoln Institute 
of Land Policy. 
Brown, M. A., Southworth, F., & Sarzynski, A. (2008). Shrinking the Carbon Footprint of 
Metropolitan America. Brookings Institute Policy Paper. 
Brownstone, D. (2008). Key Relationships Between the Built Environment and VMT. 
Washington, D.C.: TRB. 
Brownstone, D., & Golob, T. F. (2009). The Impact of Residential Density on Vehicle Usage and 
Energy Consumption. Journal of Urban Economics, 91-98. 
63 
 
Cervero, R. (2002). Built Environments and Mode Choice: Toward a Normative Framework. 
Transportation Research Part D, 265-284. 
Cervero, R., & Kockelman, K. (1997). Travel Demand and the 3Ds: Density, Diversity, and 
Design. Trasnportation Research Part D, 199-219. 
Cervero, R., Samiento, O. L., Jacoby, E., Gomez, L. F., & Neiman, A. (2009). Influences of 
Built Environments on Walking and Cycling: Lessons from Bogota. International 
Journal of Sustainable Transportation, 203-226. 
China Daily. (2012, Feb. 17). Beijing Car Ownership Exceeds 5 Million. Retrieved April 13, 
2013, from China Daily: http://www.chinadaily.com.cn/china/2012-
02/17/content_14628019.htm 
Crane, R. (1998). Travel by Design? Access, 2-7. 
Dhakal, S. (2009). Urban Energy Use and Carbon Emissions from Cities in China and Policy 
Implications. Energy Policy, 4208-4219. 
EIA. (2014, Feburary 4). Overview of China. Retrieved March 12, 2014, from U.S.Energy 
Information Administration: http://www.eia.gov/countries/cab.cfm?fips=ch 
EMBARQ. (2014, January 13). Beijing's Modal Share Changes: 1986-2011. 
Emrath, P., & Liu, F. (2008). Vehicle Carbon Dioxide Emissions and the Compactness of 
Residential Development. Cityscape, 185-202. 
64 
 
EPA. (2011). Sources of Greenhouse Gas Emissions. Retrieved November 7, 2013, from United 
States Environmental Protection Agency: 
http://www.epa.gov/climatechange/ghgemissions/sources.html 
Ewing, R., & Cervero, R. (2010). Travel and the Built Environment. Journal of the American 
Planning Association, 265-294. 
Glaeser, E. L., & Kahn, M. E. (2010). The Greenness of Cities: Carbon Dioxide Emissions and 
Urban Development. Journal of Urban Economics, 404-418. 
Grazi, F., & Bergh, J. C. (2008). Spatial Organization, Transport, and Climate Change: 
Comparing Instruments of Spatial Planning and Policy. Ecological Economics, 630-639. 
Gunst, R. F., & Mason, R. L. (1980). Regression Analysis and Its Application: a Data-Oriented 
Approach. New York: Marcel Dekker. 
Handy, S. (2005). TRB Special Report 282: Critical Assessment of the Literature on the 
Relationships among Transportation, Land Use, and Physical Activity. Washington, D.C.: 
Transportation Research Board. 
IEA. (2008). World Energy Outlook 2008. Retrieved November 7, 2013, from International 
Energy Agency: http://www.iea.org/media/weowebsite/2008-1994/WEO2008.pdf 
IEA. (2009). Transport, Energy and CO2: Moving toward Sustainability. Retrieved November 6, 
2013, from International Energy Agency: 
http://www.iea.org/publications/freepublications/publication/name,3838,en.html 
65 
 
IEA. (2012). Transition to Sustainable Buildings: Strategies and Opportunities to 2050. 
Retrieved November 7, 2013, from Interntional Energy Agency: 
http://www.iea.org/w/bookshop/b.aspx?Subject=Buildings 
IPCC. (2013). Climate Change 2013: The Physical Science Basis. Retrieved November 6, 2013, 
from International Panel on Climate Change: http://www.climatechange2013.org/ 
Jiang, Y., He, D.-q., & Zegras, C. (2011). Impact of Neighborhood Land Use on Residents 
Travel Energy Consumption. Urban Transport of China, 21-29. 
Kalnay, E., & Cai, M. (2003). Impact of Urbanization and Land-Use Change on Climate. Letters 
to Nature, 528-531. 
Norman, J., MacLean, H. L., & Kennedy, C. A. (2006). Comparing High and Low Residential 
Density: Life-Cycle Analysis of Energy Use and Greenhouse Gas Emissions. Journal of 
Urban Planning and Development, 10-21. 
Pan, H., Shen, Q., & Zhang, M. (2009). Influence of Urban Form on Travel Behaviour in Four 
Neighborhoods of Shanghai. Urban Studies, 275-294. 
Rajamani, J., Bhat, C. R., Handy, S., Gerritt , K., & Song , Y. (2003). Assessing the Impact of 
Urban Form Measures on Nonwork Trip Mode Choice after Controlling for Demographic 
and Level-of-service Effects. Transportation Research Board. Washington D.C. 
Rodriguez, D. A., & Joo, J. (2004). The Relationship Between Non-Motorized Mode Choice and 
the Local Physical Environment. Transporation Research Part D, 151-173. 
66 
 
Salon, D., Boarnet, M. G., Handy, S., Spears, S., & Tal, G. (2012). How Do Local Actions 
Affect VMT? A Critical Review of the Empirical Evidence. Transportation Research 
Part D, 495-508. 
Schubert, J., Wolbring, T., & Gill, B. (2013). Settlement Structures and Carbon Emissions in 
Germany: The Effects of Social and Physical Concentration on Carbon Emissions in 
Rural and Urban Residential Areas. Environmental Policy and Governance, 13-29. 
U.S.EPA. (n.d.). Global Greenhouse Gas Emissions Data. Retrieved November 6, 2013, from 
United States Environmental Protection Agency: 
http://www.epa.gov/climatechange/ghgemissions/global.html#three 
UK Department of Energy & Climate Change. (2013, July 3). UK Greenhouse Gas Inventroy 
Summary Factsheets. Retrieved November 7, 2013, from GOV.UK: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/210491/1_
GHG_Inventory_Overview.pdf 
UNFCCC. (2012). Inventory Review Reports 2012. Retrieved November 7, 2013, from United 
Nations Framework Convention on Climate Change: 
https://unfccc.int/national_reports/annex_i_ghg_inventories/inventory_review_reports/ite
ms/6616.php 
United Nations. (2011). Urban and Rural Areas 2011. Retrieved March 27, 2014, from 
http://esa.un.org/unup/Wallcharts/urban-rural-areas.pdf 
67 
 
VandeWeghe, J. R., & Kennedy, C. (2007). A Spatial Analysis of Residential Greenhouse Gas 
Emissions in the Toronto Census Metropolitan Area. Journal of Industrial Ecology, 133-
144. 
Wang, D., & Chai, Y. (2009). The Jobs-Housing Relationship and Commuting in Beijing, China: 
The Legacy of Danwei. Journal of Transport Geography, 30-38. 
Watts, J. (2010, January 24). Campaign to Boost Cycling in Beijing. Retrieved March 20, 2014, 
from The Guardian: http://www.theguardian.com/world/2010/jan/24/beijing-cycling-
capital-plans 
WHO. (2010, April). Bulletin of the World Health Organization: Urbanization and Health. 
Retrieved November 6, 2013, from World Health Organization: 
http://www.who.int/bulletin/volumes/88/4/10-010410/en/ 
WRI. (2013, September 24). New Greenhouse Gas Accounting Tool Will Help China’s Cities 
Pursue Low-Carbon Development. Retrieved from World Resources Institute: 
http://www.wri.org/blog/new-greenhouse-gas-accounting-tool-will-help-
china%E2%80%99s-cities-pursue-low-carbon-development 
Xinhua. (2014, January 22). Beijing Passes Regualtion to Control Air Pollution. Retrieved 
March 15, 2014, from China.org.cn: http://www.china.org.cn/china/2014-
01/22/content_31278747.htm 
 
 
 
68 
 
 
